Hearing loss is the second most common disability awarded by the U.S. Department of Veterans Affairs (VA) to former members of the U.S. uniformed services. Hearing readiness and conservation practices differ among the four largest uniformed military services (Air Force, Army, Marine Corps, and Navy). Utilizing a data set consisting of all hearing loss claims submitted to the VA from fiscal years 2003e2013, we examined characteristics of veterans submitting claims within one year of separation from military service. Our results indicate that having a hearing loss disability claim granted was significantly more likely for men, individuals over the age of 26 years at the time of the claim, individuals most recently serving in the U.S. Army, and those with at least one hearing loss diagnosis. Importantly, individuals with at least one test record in the Defense Occupational and Environmental Health Readiness SystemHearing Conservation (DOEHRS-HC) system were significantly less likely to have a hearing loss disability claim granted by the VA. Within the DOEHRS-HC cohort, those with at least one threshold shift or clinical hearing loss diagnosis while on active duty were more than two and three times more likely to have a hearing loss disability claim granted, respectively. These findings indicate that an established history of reduced hearing ability while on active duty was associated with a significantly increased likelihood of an approved hearing loss disability claim relative to VA claims without such a history. Further, our results show a persistent decreased rate of hearing loss disability awards overall. These findings support increased inclusion of personnel in DoD hearing readiness and conservation programs to reduce VA hearing loss disability awards.
Introduction
Noise-induced hearing loss (NIHL) is one of the most common occupational diseases in the U.S. (Martinez, 2012) . Permanent once acquired, NIHL is preventable and can be minimized through the reduction of noise hazards (i.e., engineering controls), reduction of exposure (i.e., administrative controls), and/or the use of hearing protection when exposure to noise is unavoidable. Particularly in the military setting, noise hazards may be from a variety of sources and levels (e.g., weapons training, artillery, aircraft, manufacturing, construction, maintenance, transport), as well as unexpected sources (e.g., blast from improvised explosive devices). Military exposures are also compounded by off-duty exposures (e.g., sporting events, motor sports, and lawn mowing). Personnel compliance with hearing protection use in hazardous environments can be challenging (Abel, 2005; Morata et al., 2001; Okpala, 2007) as personnel may have concerns over lost detection and localization of auditory warnings, compromised situational awareness, difficulties in information exchange, and reduced auditory task performance (Abel, 2008) .
Hearing loss in its service members, particularly due to noise exposure, is an important concern for the U.S. Department of Defense (DoD) . Hearing loss impacts operational effectiveness, medical readiness, and quality of life (see Fig. 1 for clinical hearing loss diagnoses incidence rates). When members leave military service, they may be eligible to apply for military service-connected disability. The U.S. Department of Veterans Affairs (VA) is responsible for determining if military service-connection for a disability claim exists and awarding the disability if the criteria are met. For many years, the second most common military service-connected disability award granted by the VA has been for hearing loss (VBA, 2016) .
To comply with U.S. Occupational Safety & Health Administration (OSHA) requirements for occupational noise exposure (OSHA, 2008) and the more stringent Department of Defense Instruction (DoDI 6055.12, Hearing Conservation Program, December 2010) , each branch of service utilizes the Defense Occupational and Environmental Health Readiness System-Hearing Conservation (DOEHRS-HC) system to monitor hearing health in its members. Although hearing loss and disability compensation have a long history in the U.S. Army (Sewell et al., 2004) , the first hearing conservation data registry was originally started by the U.S. Air Force in 1956 (Nixon, 1998) . DoD hearing conservation programs, at a minimum, provide air conduction threshold testing for U.S. service members deemed "noise-exposed" based on occupational specialty and an occupational work environment exposure assessment ("occupational noise surveys"). These audiograms are recorded in DOEHRS-HC with baseline, periodic, and any follow-up testing requirements for personnel in the hearing conservation or hearing readiness programs.
Currently, the successful implementation of hearing conservation and hearing readiness programs relies on noise hazard identification, noise mitigation, education and training, hearing protection fitting, audiometric surveillance, and program evaluation. The U.S. Government Accountability Office (GAO) hearing loss prevention report (GAO, 2011) pointed out several weaknesses in current DoD hearing-related policies, recommending a variety of improvements. A National Academy of Medicine (formerly Institute of Medicine) study (Humes et al., 2006) examined hazardous noise exposure in the military and, at that time, deemed hearing conservation programs to be inadequate for protecting the hearing of service members. Though damage-risk criteria have been updated since, some have even suggested the criteria used by the DoD may be inadequate to prevent hearing injuries (Ahroon et al., 2011) , as well as concerns with service member accession criteria allowing those with pre-existing reduced hearing abilities to enter military service (Gubata et al., 2013) .
Since the National Academy of Medicine report, the U.S. Army and Marine Corps have made significant changes to their hearing conservation programs, including increasing enrollment to nearly all service members. In September 2006, the U.S. Army implemented "hearing readiness monitoring". This expanded the military at-risk hearing conservation program to more of a population health program, shifting from a hearing conservation approach to a hearing preservation model and requiring all operational forces to have annual monitoring audiometry, hearing protection fitting, and hearing health education. Additionally, in 2009, the U.S. Army also required all deploying soldiers to obtain audiograms after deployment (cf. U.S. Army "ALARACT 003/2009: POST-DEPLOYMENT AU-DIOGRAMS"). Similarly, in 2012, the U.S. Marine Corps mandated that all personnel must receive annual audiogram tests. The U.S. Air Force and Navy did not drastically change their hearing testing enrollment practices over the time period examined (fiscal years 2003e2013). These policy changes can be seen in the populations of personnel with at least one test record in DOEHRS-HC versus those with no record in DOEHRS-HC (see Table 1 ). Although hearing programs in the DoD may incorporate aspects of education and provide hearing protective devices, and may differentiate between personnel enrolled in occupational surveillance and medical readiness, this study aimed to simply determine if having at least one test record in DOEHRS-HC led to changes in VA hearing loss disability award rates.
The four main DoD services (Air Force, Army, Marine Corps, and Navy) apply different approaches to monitoring the hearing health of their members. At a minimum, those service members deemed occupationally exposed to hazardous noise according to the DoDI 6055.12 standards are required to receive annual audiogram surveillance. Other, additional policies may exist within each specific service. VA disability reporting identifies the cumulative effect of military service on veterans, but is difficult to utilize this disability data for hearing program evaluation due to the lagging nature of the majority of disabilities awarded. Veterans have the option to apply for disability at any time after military service and, often, submit claims years after separation or retirement from military service. This study aimed to examine factors associated with a hearing loss disability award in veterans who filed a claim within one year of separation from military service.
Material and methods

Data protections
This project was deemed exempt by the institutional review board, as the activity was classified as a program evaluation. All data abstraction and matching followed appropriate and approved privacy safeguards. Data set construction utilized an "honest broker" approach, with only de-identified data being accessed and used for analysis by the authors.
Data set construction
The initial data set was obtained from the VA containing identifiers (for linking to claimants' military service records) and various meta-data (e.g., date of claim submittal, end of most recent active duty service) for all hearing loss disability claims submitted between fiscal years 2003 through 2013. To create the final data set used for analysis, claimants' social security numbers were checked against the entire DOEHRS-HC data set to determine if a record existed. If a record in DOEHRS-HC was found, a contingent "threshold shift" (TS) variable was created based on the following criteria: a positive shift was identified (i.e., decreased hearing) in the DOEHRS-HC test type "Follow-up 2". This method is a very conservative approach to assessing TS, most likely underestimating the true rate (e.g., the Army Hearing Program states only about 10% of service members in its program that were required a second follow-up actually completed follow-up testing; M. Robinette, personal communication, June 28, 2016) . No other characteristics regarding the claimant's record in DOEHRS-HC were examined. Claimants' social security numbers were also matched against DoD medical records to determine if claimants had received hearingrelated diagnoses while on active duty (see Table 2 for diagnosis codes). The final data set was limited to hearing loss disability claims submitted to the VA within one year of separating from active duty in the Air Force, Army, Marine Corps, or Navy (Guard and Reserve were excluded). The claim must have been for an initial disability and a decision rendered (grant/denial) within one year from submittal date.
Measures
The outcome measure used in this study was a dichotomous variable of a hearing loss disability award granted or hearing loss disability denied. Variables used to define various groups included: personnel with a hearing test documented in DOEHRS-HC (dichotomous variable representing the presence or absence of a record in DOEHRS-HC); fiscal year (2003 through 2013); sex of the claimant; and claimant age (less than 26 years, 26 to 40, 41 to 50, and more than 51) at the time of the claim application. Military affiliations were assigned based on the claimant's most recent service component prior to separation (Air Force, Army, Marine Corps, or Navy) according to the claim record from the VA.
We also examined the hearing-related International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes, noting the presence of ICD-9-CM diagnoses related to hearing loss (i.e., 389.*; see Table 2 ) or miscellaneous ear-related conditions for every disability claimant while in military service ("None" or "One or more"). Further, we noted the presence of a threshold shift (TS), suggesting a permanent change in hearing threshold ability, information only available for those claimants with records in DOEHRS-HC.
Analyses
To examine factors that may have influenced the overall success of a hearing loss-related claim in this population, we first used a logistic regression with a DOEHRS-HC record, age, sex, military branch, and the presence of a hearing loss diagnosis and/or miscellaneous ear-related ICD-9-CM diagnosis as categorical independent variables.
Next, we conducted a logistic regression subanalysis to examine variables that were associated with an increased likelihood for a hearing loss disability award, specifically among those with a record in DOEHRS-HC. We included military branch, whether each claimant had a clinical hearing loss-related and/or a miscellaneous ear-related diagnosis while in the military, whether at least one TS had been reported, and the fiscal year of the hearing loss claim. Because of the large size of our cohort, it is possible to detect statistically significant associations for variables that have small effect sizes. As such, we used 99% confidence intervals (CIs). It is also worth noting that the data set encompassed the entire population of interest (i.e., all hearing loss claims submitted to the VA), making inferential statistics technically unnecessary. All analyses were conducted using SPSS version 14.0 (IBM, New York).
Results
Population characteristics
There were 276,288 individuals in the final analysis (see Table 3 ). The average age of the population was 35.92 years (standard deviation 10.30). The population was predominantly male (92%). Nearly half of the population was most recently with the U.S. Army while the U.S. Air Force, the U.S. Navy, and the U.S. Marine Corps were represented in relatively equal proportions. Within the four branches of service, the average annual proportion of active duty personnel force strength over the same 2003e2013 fiscal year timeframe was 39% U.S. Army, 24%, U.S. Air Force, 23% U.S. Navy, and 14% U.S. Marine Corps according to the Defense Manpower Data Center (DMDC).
In the VA hearing loss claim data set population, 89,298 (32.3%) had a hearing loss disability award granted while 186,990 (67.7%) were denied. Further, 251,214 (90.9%) claimants had at least one record in DOEHRS-HC. While on active duty, 60,803 (22.0%) of claimants had at least one hearing loss diagnosis and only 2665 (1.0%) had at least one miscellaneous ear-related diagnosis (see Table 2 for list of ICD-9-CM diagnoses). Among those in DOEHRS-HC, 35,933 (13.0%) had at least one TS confirmed. It is important to note that this does not reflect the threshold shift rate of any individual branch of service. Table 4 presents the findings from the first logistic regression examining factors associated with an approved hearing loss disability claim. Success of having a hearing loss disability award granted was significantly more likely for men, individuals over the age of 26 years at the time of the claim (compared to individuals less than 26 years of age), individuals most recently serving in the Army (compared to Air Force, Navy, and Marine Corps), and those with at least one hearing loss diagnosis (compared to those without a hearing loss diagnosis). Individuals with a hearing test in DOEHRS-HC were less likely to have their hearing loss disability Open wound of eustachian tube, complicated 1 claim granted.
Logistic regression
In the subanalysis among only those in DOEHRS-HC, those with at least one TS (established via DOEHRS-HC) or hearing loss diagnosis (established via clinical diagnosis) while on active duty were more than two and three times more likely to have a hearing loss disability claim granted, respectively. Relative to fiscal year 2003, the odds of having a hearing loss disability claim granted has continuously diminished over time throughout the observation period (the same decrease was observed in the no DOEHRS-HC cohort). This may be due, largely, to the general increased number of claims each year. Lastly, differences in the rate of hearing loss disability awards for members with a test in DOEHRS-HC versus those without a test in DOEHRS-HC for each branch of service by fiscal year are shown in Fig. 2. 
Discussion
This study used existing data from the DoD (occupational testing, clinical diagnoses) and the VA (disability claims) to examine factors associated with receiving hearing loss disability awards among veterans who filed a claim. Our study found that incorporating data from these distinct sources provided a unique opportunity to identify features that contribute to a hearing loss disability award, including hearing loss diagnosed over the course of clinical care and audiometric changes in hearing ability assessed through occupational and/or readiness hearing tests. While VA disability awards are often used to justify programs and policies, this is the first study to closely examine characteristics of VA hearing loss disability claimants in combination with their DoD records.
Expanded enrollment in hearing programs by both the U.S. Army and Marine Corps led to greater hearing loss diagnoses for active duty service members, suggesting broadened surveillance uncovered greater rates of hearing loss in service members not previously enrolled in a hearing program, congruent with previous work in this area (Cleveland, 2009 ) and contradicting the findings of others who suggested previous, more stringent surveillance policies were adequate (Oestenstad et al., 2008) . These rate changes are unlikely to be related to operational tempo of the military forces, as there are clear service-specific and year-specific increases aligning with programmatic changes in the U.S. Army and Marine Corps surveillance expansion efforts. While expansion of hearing programs leads to greater hearing loss diagnoses, this increased probability for an award is controlled for in our analysis approach, allowing the effect of having a test in DOEHRS-HC to be tested independently of other variables. Our data, in combination with studies by others examining the frequency of clinical visits for noise-induced hearing injury based on DoD occupational code (e.g., Table 3 Total data set population characteristics.
Population characteristics
Hearing loss denial N (%) Hearing loss grant N (%) Total N ¼ 276,288 (%) Helfer et al., 2010) , appears to make a reasonable case for increased enrollment of personnel in hearing programs if goals are to identify more hearing injury in service members and to reduce hearing loss disability awards in veterans. Hearing conservation (i.e., OSHA-compliance mandated surveillance due to occupational hazardous noise exposure) and hearing readiness (i.e., surveillance deemed necessary to ensure a medically fit fighting force by a specific service) enrollment showed a significant decrease in initial VA hearing loss disability awards. It is possible that those with a record in DOEHRS-HC led to a more complicated disability adjudication (i.e., beyond our 1 year cut-off); however, of the three possible outcomes in our data set (disability award, disability denial, or no decision [exceeded abstraction window]), rates between personnel with at least one DOEHRS-HC audiogram and no DOEHRS-HC audiogram were comparable: disability denial (10% no DOEHRS-HC hearing test, 90% with a DOEHRS-HC hearing test); disability grant (11% no DOEHRS-HC hearing test, 89% with a DOEHRS-HC hearing test); and, no decision (12% no DOEHRS-HC hearing test; 88% with a DOEHRS-HC hearing test). If having a record in DOEHRS-HC led to extended disability adjudication, the percentage of "no decision" cases would be expected to have a significantly greater proportion of claimants from DOEHRS-HC. Although we cannot rule this out, it does not appear to be the case; in fact, it could be argued that a record in DOEHRS-HC may lead to a more expedited claim adjudication. While a higher award rate is consistently seen for all branches of service in personnel with no record in DOEHRS-HC, it is important to note the annual denominator for U.S. Army and Marine Corps personnel not in DOEHRS-HC decreases dramatically each year in this data set, allowing a small number of individuals with disability awards to have a very large effect on the observed success rate of a claim, perhaps warranting a cautious interpretation of these findings.
In 2006, the U.S. Army initiated large hearing conservation program changes, transforming their program from one focused on hearing conservation to one focused on maximizing readiness and operational capabilities (Cave and Price, 2010; Mcilwain and Cave, 2008) . This transition to the U.S. Army Hearing Program (from the U.S. Army Hearing Conservation Program), consisted of four elements: hearing readiness, clinical hearing services, operational hearing services, and hearing conservation. One of the main components of this hearing program expansion was increased annual surveillance among its service members, drastically increasing over the years to the current 100% Fig. 2 . These plots show the percentage of initial disability claims granted to claimants with at least one record in DOEHRS-HC versus those with no record in DOEHRS-HC from fiscal year 2003 to fiscal year 2013. These rates multiplied by the population size in Table 1 will yield the total number of awards. The difference between total claims and number of awards will yield the number of denials for that population.
of the active duty force. Further, hearing readiness is tracked as a reportable metric to commanders, indicative of overall soldier medical readiness, with the aim of ensuring the achievement and maintenance of a deployment-ready force. This expansion, we argue, may be reflected in the disability award data, which shows a noticeable change in hearing loss disability awards after 2006 between those with at least one DOEHRS-HC record and those with no record in DOEHRS-HC. Similarly, the U.S. Marine Corps expanded their hearing conservation surveillance to include nearly 100% of personnel starting in 2012. Unfortunately, our dataset does not extend well beyond that expansion to assess whether or not this policy shift led to changes similar to those seen in the VA award data for the U.S. Army. However, as seen in Fig. 1 , with the expansion of surveillance, the number of individuals with a hearing loss diagnosis increased, suggesting the rate of hearing loss among active duty service members not currently under surveillance may exceed that of those under annual surveillance. Due to broadened surveillance policies, the population of personnel leaving the U.S. Army and Marine Corps with no record in DOEHRS-HC is becoming increasingly small, making future analyses similar to this one challenging. Other branches of service, such as the U.S. Air Force, have also suggested the need for expanded hearing health surveillance, as their own analyses suggest a high prevalence of TS in personnel typically considered "not routinely noise exposed" (Soderlund et al., 2015) . Lastly, it is worth noting that personnel may move into and out of positions requiring occupational exposure surveillance, meaning it could be possible that 30% of a service is under surveillance at any point but a larger percentage of individuals in that service have been in the hearing conservation program at some point.
Those in DOEHRS-HC with a record of at least one TS or a clinical hearing loss diagnosis were substantially more likely to have a hearing loss disability claim awarded relative to those without a TS or hearing loss diagnosis. These findings indicate that an established history of reduced hearing ability while on active duty was significantly associated with an increased likelihood of an approved hearing loss disability claim relative to those without such a history. Age of a service member has been shown to linearly increase with NIHL in previous reports (e.g., Attias et al., 2002; Cason, 2012) , even among the civilian population, though the rate of severe hearing impairment is significantly higher in veterans (Groenewold et al., 2011) . Moreover, after controlling for age, at least one study suggests years of service may still be a significant predictor of hearing threshold shifts in military service members (Henselman et al., 1995) .
Women were less likely than men to receive a hearing loss disability award. While this may be attributable to differences in combat or front line exposure, differences in combat exposures among the sexes may be diminishing. It is important to note that while the overall representation of women on active duty has been estimated to be between 10 and 20%, our population was limited to approximately 5%. This finding is not unexpected, however, as others have shown U.S. Navy and Marine Corps women with at least one DOEHRS-HC record are less likely to have elevated hearing thresholds compared to men (Barney and Bohnker, 2006; Gibbs et al., 2006) and women in the U.S. Air Force are likely to have lower TS rates (Cason, 2012) , as well as reduced rate ratios of ICD-9-CM-based noise-induced hearing injury for women across all branches of the DoD (Helfer et al., 2010) . Regardless, given the low representation of women in our data set, any gender-related conclusions should be drawn with caution.
Limitations
This study has several limitations. First, claim outcomes were limited to those that were decided within a year of the original VA claim application, which may limit the generalizability of our findings. Similarly, there is no statute of limitations on VA disability claims, so we cannot say how hearing conservation and readiness practices may influence hearing loss disability awards submitted to the VA once the veteran has been separated from military service for more than one year. Second, while many of the hearing loss disability awards by the VA are for noise-induced hearing loss, we are not able to determine the actual cause of hearing loss, so it is possible that some awards could be due to presbycusis (though, this is less likely given our claim within one year criteria) or other nonoccupational causes. Third, disability claims to the VA for hearing loss require evidence of the disability (e.g., audiometric data on loss and/or functional impairment testing) and the establishment of a reasonable potential service-connection for the disability to be awarded. Typically, the VA will perform the exams required for evidence of disability and review military service records for establishing a potential service-connection. In our data set, the odds ratios appear to show a systematic decrease in the success of claims each year for the DOEHRS-HC sub-analysis (a similar decrease was seen in the no DOEHRS-HC award rate), which may be due to overall changes in the VA disability adjudication process. It is also worth noting the increase in number of claims submitted and processed during the years examined, potentially diluting the denominator of the rates. Further investigation into this would be interesting but is beyond the scope of this effort. Fourth, delving into the hearing program expansion of the U.S. Army and Marine Corps to tease apart the impact of various components of their programs is difficult to do in a post hoc manner and beyond the scope of this effort. It is common for service members to receive educational and equipment-related resources as part of hearing programs (e.g., counseling on noise hazards, access to hearing protection devices, "fit check" testing to ensure hearing protection devices fit appropriately). Fifth, while DOEHRS-HC contains data on specific hearing threshold levels at tested frequencies, we did not examine specifics about audiometric findings nor did we include any information on the veteran's occupation. Our analyses do not attempt to quantify or characterize hearing loss, but, instead, utilized the VA disability award as a binary outcome. Lastly, with respect to DOEHRS-HC data, the category of testing performed to create a record in DOEHRS-HC for personnel may have varied and was not examined. For U.S. Army personnel, those with records in DOEHRS-HC may have been in hearing conservation, hearing medical readiness, or some combination of the two.
For the clinical diagnoses, utilizing ICD-9-CM codes, it is important to note that these numbers are influenced, in part, by hearing readiness and conservation surveillance. As a service increases its surveillance, the likelihood of identifying potential hearing concerns is increased, which would likely result in more clinical visits and diagnoses for hearing-related problems. If populations added into the surveillance contained a clinical rate of hearing-related concerns equal to or less than the status quo, overall rates of diagnoses in this domain should remain the same or decrease as the denominator increases. However, an increase in diagnoses after increased surveillance suggests clinical identification of problems exceeding that seen in the earlier, smaller population. This is seen after the 2006 increase in surveillance by the U.S. Army and after the 2012 increase in surveillance by the U.S. Marine Corps.
Conclusions
To conclude, service member enrollment in hearing conservation and hearing readiness programs is consistently associated with a significant reduction in VA disability awards for hearing loss, for all services, regardless of differences that may exist in their individual hearing program practices beyond audiogram testing. More succinctly, the rate of hearing loss disability awards is consistently less for those service members who were enrolled in a hearing testing program at any point.
We do not claim that hearing programs are the key to reducing hearing loss injury in the DoD and hearing loss disability in the VA; however, we agree with others (e.g., Yankaskas, 2013; Humes et al., 2006) , who suggest the DoD cannot adequately predict the susceptibility of military personnel to noise-induced hearing loss. Surveillance is foundational to understanding the true scope of hearing injuries in the DoD and assessing the impact of any programs established to mitigate those injury rates. Further, it seems self-evident that the U.S. military would be interested in ensuring all service members maintain a level of readiness with respect to hearing, a function critical for communication and necessary for overall mission effectiveness. Just as all service members are required to meet certain basic physical fitness standards (e.g., running, push-ups, etc.), it logically follows that the basic requirements of military service dictate the need for regular assessment of hearing ability.
Although efforts are underway to better understand the economic burden of hearing loss to the DoD (Cooper et al., 2014) , the data presented here suggests a significant disability in recently separated veterans that likely existed while those individuals were on active duty. Until valid measures reflect the true DoD economic burden for reduced hearing ability, the cost effectiveness of hearing programs is difficult to quantify (e.g., Ohlin, 2000) . Regardless, the old management adage seems to apply here: you can't manage what you don't measure.
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